Abstract Cytomegalovirus (CMV) is the most common viral infection following kidney transplant, has been recognized as a major factor for graft loss and increased incidence of acute rejection. Different studies have reported a variable incidence of CMV disease with the use of Mycophenolate mofetil (MMF). We retrospectively analyzed our renal transplant recipients to review the results of CMV disease and to compare CMV disease in patient on Azathioprine and MMF for this purpose we retrospectively reviewed 521 live related kidney transplant recipients at our institute. 74 (14.2 %) live related allograft recipients developed CMV disease after a median interval of 7.18 ± 4.35 months from transplantation. The mean age was 36.15 ± 10.7 years. 63 of the patients were male. Malaise, fever and diarrhea were among most common symptoms. 20 (27.02 %) of the 74 recipients developed transaminitis, 13 (17.2 %) developed CMV gastritis, 5 (9.13 %) recipients developed pneumonia, and 3 (4.05 %) patient developed colitis. 59 (80 %) patients had leucopenia and 41 (56.5 %) developed thrombocytopenia. Mean serum creatinine level was 1.5 ± 0.4 (0.9-2.4) mg/dl before the disease, 1.9 ± 0.6 (1.3-3.6) mg/dl at the time of the diagnosis, and 1.7 ± 0.06 (0.8-4.2) mg/dl at the end of the treatment. CMV disease developed in 9 (36 %) of recipients who received basiliximab as induction therapy and 13 (30.24 %) of recipients who received ATG (p [ 0.05). The incidence of CMV disease was similar in cyclosporine based regimen (13.2 %) and Tacrolimus based regimen 27 (16.16 %) (p = 0.137) and was also similar in Azathioprine 41 (9.5 %) and MMF group 33 (14.3 %) (p = 0.163). There was no significant difference in severity of CMV disease in both groups, except a higher incidence of leucopenia in Azathioprine group (86 vs. 74 %, p \ 0.05) as compared to MMF group. 51 (68.91 %) patient developed graft dysfunction during CMV disease. In conclusion we report a low incidence (14.2 %) and milder form of cytomegalovirus disease at our center. Use of universal cytomegalovirus prophylaxis was associated with a low incidence and milder form of the disease. Incidence of CMV disease was similar between Azathioprine and MMF groups.
Introduction
Currently, cytomegalovirus (CMV) is a common cause of morbidity and mortality among patients receiving chronic maintenance immunosuppression [1] and is often considered the most important infection [2] . About one-quarter of renal transplant recipients developed CMV disease [3] . Generally, the highest incidence of CMV disease occurs during the first 3 months post-transplant [4] , and is most severe in CMV naïve (CMV seronegative) recipients who receive an organ from a CMV seropositive donor (D?/R-) [5] [6] [7] [8] . Other risk factors for CMV disease include graft rejection and increased levels of immunosuppressive therapy, including anti-lymphocyte therapy, high dose corticosteroids, and Mycophenolate mofetil (MMF) [9] [10] [11] . Severe graft rejection and increased immunosuppression may cooperatively stimulate the development of active CMV infection in renal transplant recipients and CMV may activate the immune response to the graft [12] .
CMV disease is an independent risk factor for acute rejection within the first 100 days and for recipient mortality [12] . In addition, the incidence of diabetes mellitus is higher in renal transplant recipients who developed CMV disease [5] .
Increased incidence of CMV infection seen in patient on MMF [5-7, 11, 13] . Some studies have shown a slight increase in incidence and tissue invasive disease in patients being treated with MMF of 2 or 3 g/day compared with placebo or Azathioprine [2, [8] [9] [10] 12] . There is paucity of data regarding CMV disease in renal transplant recipients in Indian subcontinent. So we undertook this retrospective study to analyze the results of CMV disease in renal transplant recipients in Indian population and to compare CMV disease in patient on Azathioprine and MMF.
Patients and Methods
We retrospectively reviewed all regularly followed up, live related kidney transplant recipients, at our institute since January 2003-June 2009.
Five hundred and twenty-one renal transplant recipients (including children and adults) were studied who were transplanted from January 2003 to June 2009. The data was analyzed retrospectively using case notes, follow up records and using Hospital information system (a computer based programme), which is used for extracting validated investigational and patient related information. All patients and their donor who included had Ig M antibody negative and Ig G antibody positive status for CMV pretransplant.
We routinely follow a triple immunosuppression regimen including steroid, calcineurin inhibitors [(CNI) (either cyclosporine/Tacrolimus)] and Azathioprine or MMF as third drug. Use of IL-2 receptor blockers was optional based on patient's choice. This was given as Basiliximab 20 mg on day 0 and day 4 or Daclizumab in 5 doses every fortnightly. Anti-thymocyte globulin (ATG) was used for induction in high risk patients and for treatment of acute rejection. In view of live donor renal transplants, delayed graft function was seen very infrequently. Either cyclosporine or Tacrolimus was used as CNI in a dose of 8 mg/ kg body weight or 0.2 mg/kg respectively. Cyclosporine dose was monitored according to C 2 levels and dose was adjusted accordingly, keeping the C 2 levels close to 800 ng/ml after 6 months of renal transplant. Steroids were started at 20 mg on day 1, and according to our protocol were tapered by 2.5 mg per week, during the 3rd month post transplant and finally keeping the maintenance dose of 7.5-10 mg/day through out the follow up.
All cases with clinical suspicion of rejection or rise in creatinine to a significant level underwent graft biopsy. This was considered after ruling out CNI nephrotoxicity, infections and other factors for acute graft dysfunction. However, in few circumstances like refusal by the patient or deranged parameters, treatment for presumed rejection was considered with pulse methyl prednisolone. Only biopsy proven severe vascular rejections were primarily treated with ATG or OKT3. Most of the patients were primarily treated with pulse methyl prednisolone, and anti-thymocyte globulin or OKT3 was used in event of steroid resistance. Since being a short follow up, acute rejection within 1 year of transplant were analyzed. Treatment for severe vascular rejection was given with 1.5 mg/kg of body weight of ATG on alternate day basis for 3-7 doses, depending on response or OKT3 at a dose of 5 mg on alternate day for 3-7 doses. Patients with very severe acute vascular rejection not responding to anti-thymocyte globulin were given OKT3 or visa versa. Prophylaxis against CMV with 14 days of parenteral and then oral Ganciclovir was given for total of 12 week to patients who were treated with anti-thymocyte globulin or OKT3 for severe vascular rejection.
CMV disease was defined as the presence of fever for at least 3 days with one or more of the signs, either clinical or laboratory. Leucopenia (\3,500 cells/mm 3 ), thrombocytopenia (\100,000 platelets/mm 3 ), liver dysfunction (SGOT/ SGPT [ 75 IU), Graft infection in form of intracytoplasmic inclusion bodies surrounded by inflammatory cells (on biopsy for acute graft dysfunction), retinitis, pneumonitis or gastrointestinal disease along with a positive CMV DNA by PCR. In few cases pp65 antigenemia was also available. All patients with confirmed CMV disease were treated with 2 weeks of intravenous Ganciclovir, followed by prophylaxis with oral Ganciclovir or Valaganciclovir for 3 months. During treatment with Ganciclovir, Azathioprine or MMF was decreased similarly in correspondence to TLC. Graft survival was calculated for 1 year for both groups independent of whether patient had CMV disease or not. Graft survival for 1 year was also calculated for patients who developed CMV disease form the onset of CMV disease.
Statistics
All variables were tested using the t test or v 2 test to compare the demographic characteristics. Student t test was used for statistical analysis. Kaplan-Meier survival analysis with log rank test was performed for survival of the grafts in patients who developed CMV disease on MMF or Azathioprine. A p value of \0.05 was considered statistically significant. All statistical analysis was performed using SPSS 11.5 software package.
Results
We analyzed 521 live related 1st renal transplants, which were performed from January 2003 to June 2009 in a span of 6 years and followed till December 2008. The demographic characteristics of renal allograft recipients are summarized in Table 1 . The most common immunosuppressive regimen was cyclosporine-based (CsA) 354 (67.94 %) remaining was on Tacrolimus based regimen. The number of patients who received Azathioprine was 288 and 233 patients received MMF apart form CNI and Steroids according to the protocol regimens of our institute. 25 and 43 patient received IL-2 Receptor Blocker (IL-2RB) and ATG respectively.
Demographic characteristics of patients, who developed CMV disease and its manifestations, are shown in Table 2 . 74 live related allograft recipients (14.2 %) developed CMV disease after a median interval of 7.18 ± 4.35 months from transplantation. All of the donor and recipients undergoing living transplantation was CMV IgG seropositive. The mean age was 36.15 ± 10.7 years. 63 of the patients were men and 11 were women. 9 patients, who received basiliximab while 13, who received ATG, developed CMV disease. CMV disease developed in 7 (28 %) of recipients who received basiliximab as induction therapy and 13 (30.24 %) of recipients who received ATG (p [ 0.05). Two of 10 recipients who were treated with both basiliximab and ATG developed CMV disease. CMV disease occurred in 17.1 % of patients who did not receive induction therapy. The incidence of CMV disease was similar in CSA based regimen (13.2 %) and Tacrolimus based regimen 27 (16.16 %), p = 0.137. 51 (68.91 %) patient developed graft dysfunction during CMV disease. Malaise was the most common symptom, which was seen in 60 (80 %) patients. Fever and diarrhea was seen in 33 (44.5 %) and 28 (38 %) patients, respectively. 20 (27.02 %) of the 74 recipients developed transaminitis, 13 (17.2 %) developed CMV gastritis, 5 (9.13 %) recipients developed pneumonia, and 3 (4.05 %) patient developed colitis. 59 (80 %) patients had leucopenia and 41 (56.5 % developed thrombocytopenia. Mean serum creatinine level was 1.5 ± 0.4 (0.9-2.4) mg/dl before the disease, 1.9 ± 0.6 (1.3-3.6) mg/dl at the time of the diagnosis, and 1.7 ± 0.06 (0.8-4.2) mg/dl at the end of the treatment.
We performed renal biopsy in 21 (28.37 %) patients. The biopsy revealed acute rejection in 15 (13.51 %) patients while 2 (2.70 %) patient had borderline rejection. Renal viral involvement was detected on 3 (4.05 %) renal biopsy specimen. There was no mortality due to CMV disease in our series (Table 3) .
All infected recipients were treated with intravenous Ganciclovir 2.5-5.0 mg/kg q 12 h according to creatinine clearance for 21 days and then oral ganciclovir or Valaganciclovir for total of 6 months duration. In 25 patients, immunosuppressive treatment was modified by decreasing Comparison of CMV disease in patient on Azathioprine and MMF are shown in Table 4 .
The incidence of CMV disease was similar in Azathioprine (9.5 %) and MMF group (14.3 %), p = 0.163. CMV disease occurred at a significantly (p \ 0.05) earlier time in MMF group (5.0 ± 3.5 months, range 2-14 months) compared to Azathioprine group (9.4 ± 5.2 months, range 3-20 months) in the post transplant period. When analyzed for severity of the CMV disease, only the incidence of leucopenia was observed to be significantly (p \ 0.05) more in Azathioprine group compared to MMF group. There was no difference among the two groups in terms of thrombocytopenia, liver dysfunction, retinitis, gastrointestinal involvement, retinitis, pneumonitis or graft involvement (biopsy proven). The graft survival at 1 year was 90.5 % and between Azathioprine (89 %) and MMF (92 %) group was not significantly different (p = 0.37), when the entire cohort of 521 patients was analyzed.
Discussion
In our study, the overall incidence of CMV disease was 14.2 %, which is low in comparison of the previous reports. The incidence of the disease after renal transplantation had been defined in previous studies. In a study among 451 renal transplant recipients, CMV disease occurred in 24 % of patients during the first 100 days [1] and in study of Brenan et al. [13] the overall frequency of CMV infection after kidney transplant varies from 50 to 80 % of patients, whereas CMV disease is observed in 20-60 % of recipients. The universal prophylaxis strategy may be responsible for low incidence in our patients. The median time between the transplantation and the presentation of sign and symptoms was 7.18 ± 4.35 months in our study, which supports previous studies [6] .
There are well-defined risk factors for CMV disease, such as CMV serostatus of the donor and recipient, the immunosuppressive regimen, and the type of transplanted organ. In our study, all of the donors and recipients undergoing living transplantation were CMV IgG seropositive. The other important risk factor, immunoprophylaxis with ATG or basiliximab, was studied in a couple of studies. In our study, CMV disease developed in 28 and 30.23 % of recipients who received basiliximab and ATG as induction therapy, respectively. The difference was not statistically significant. Lebranchu et al. [7] found that there was significantly less CMV infection in the group treated with basiliximab. In the same study, CMV disease was seen in 6 and 12 % of patients treated with basiliximab and ATG, respectively, but the difference was not statistically significant. In the study of Mourad et al. [8] 21.2 % of patients treated with basiliximab and 41.5 % of recipients treated with ATG developed CMV infection, the difference between the groups being statistically significant (p = 0.025). In our study, malaise, fever, and diarrhea were the most common symptoms, seen respectively in 60, 33, and 28 of 71 patients. The incidence of symptoms seen in our patients is similar with the reports of previous authors. Despite mild course of disease in most infected recipients, organ involvements can coexist. Nemati et al. and PourReza-Gholi et al. [9, 10] reported fever, nausea, and vomiting as the most commonly seen symptoms. Farrugia and Schwab [11] identified fever, malaise, and myalgia as the most common symptoms. In the study of Abbott et al. [12] , pneumonia was seen in 17.1 %, hepatitis in 4.2 %, and complications of transplanted organ in 6.6 % of renal transplant recipients hospitalized for CMV disease. In the study of Durlik et al. [14] , the incidence of hepatitis, gastroenteritis, and pneumonitis was 46, 27, and 9 %, respectively. In our study, the most commonly involved organs were also the stomach, lung, and colon. The incidence of organ involvements is variable among different studies. Thus, it is difficult to compare the results. Elevated serum creatinine level, leucopenia, and thrombocytopenia are important laboratory manifestations of CMV disease [6, 13] . Leucocytosis is as important as leucopenia in the diagnosis of the disease. In our study, the incidence of leucopenia and leucocytosis was 34.5 and 20.7 %, respectively. Pour-Reza-Gholi et al. [10] defined the most common laboratory findings as elevated serum creatinine level (71 %), thrombocytopenia (43 %), leucocytosis (22 %), and leucopenia (21 %). In that study, leucocytosis was as common as leucopenia. In addition, an increase in serum creatinine level was detected in 10 of 29 patients, corresponding to 34.4 % of recipients. Patients were treated with intravenous Ganciclovir, 2.5-5 mg/kg q 12 h according to creatinine clearance for 21 days. All patients were treated successfully. No mortality and graft loss due to CMV disease was seen during the course of the disease. This finding, which is similar to other studies, indicates to us that CMV disease has a mild course and can be treated successfully. This can be explained by early diagnosis and treatment of the disease. Despite the existence of welldefined risk factors, the disease can be seen in patients who show no risk factors. In this present study, CMV disease was seen in recipients who were treated with basiliximab as induction therapy, similar to those who were treated with ATG. On comparison, incidence of CMV disease was low and similar between Azathioprine group and MMF group in our cohort (9.5 % in Azathioprine group and 14.3 % in MMF group, p = 0.16), which might be due to that fact that all our patients were seromatched before transplant and we routinely used Ganciclovir prophylaxis in patients who were treated with ATG for induction or severe acute rejections. Our incidence of CMV disease was similar to study by Munoz MA et al. [6] , who showed incidence of 8.4 % in patients on MMF and 3.6 % in patients not on MMF. Similarly, study by Basic-Jukic et al. [15] showed incidence of CMV in 20 % of patients on MMF. Patients on MMF tend to develop CMV disease at a earlier stage post transplant compared to Azathioprine in our study which was 5.0 ± 3.5 vs. 9.4 ± 5.2 months, p \ 0.05 with a median of 4 months vs. 8 months). This difference was also noted by some [16] , but not by others [8] . In terms of severity of CMV disease, we could not find any difference in Azathioprine or MMF use except in terms of leucopenia which was significantly more with the use of Azathioprine (86 vs. 74 %, p \ 0.05). Though, some studies [6, 17] have also shown higher, but not statistically significant percentage of leucopenia with Azathioprine use when compared to MMF (2 g/day) in patients who developed CMV disease in their cohort. Only higher dose of MMF (3 g/day) was associated with an increased incidence of leucopenia in patients who developed CMV disease when compared with Azathioprine [10, 12, 18] .
Our study because of its retrospective nature has many limitations like ascertainment error, recall, informative censoring and lead-time biases, which were unavoidable. Our results should be confirmed by a larger prospective study with large number of patients.
Merits of our study are its large patient number and comparison of disease between MMF and Azathioprine group.
Conclusion
Thus, in the presence of nonspecific symptoms like fever, malaise, and diarrhea; as well as clinical manifestations such as leukopenia, leukocytosis, and elevated transaminase and creatinine levels, CMV disease should be suspected, even in low-risk patients. Incidence of disease is low and disease is mild, in high risk patients, on universal prophylaxis strategy. There is no difference among MMF and Azathioprine on incidence and outcome of CMV disease.
